It has been reported that papaverine, a typical nonspecific smooth muscle relaxant, is a potent inhibitor of phosphodiesterase in various smooth muscles (1-3). Moreover, many workers (3-7) reported that papaverine increased the intracellular level of cyclic AMP in intestinal and uterine smooth muscles. Aspaminol (1,1-diphenyl-3-piperi dinobutanol hydrochloride), a nonspecific smooth muscle relaxant, was found to have little inhibitory action on phosphodiesterase activity (5, 7, 8) . reported that Aspaminol inhibited Ca-uptake by the microsomal fraction from rabbit taenia coli and that papaverine potentiated Ca-uptake in low concentrations. Cyclic AMP applied exogenously potentiated Ca uptake by microsomal fractions derived from rabbit aorta (12) and rat uterus (13). These findings suggested that papaverine had stimulatory action on Ca-uptake, which was possibly mediated through an increase of cyclic AMP. However, detailed mechanisms of the action of papaverine on Ca-uptake by the microsomal fraction remain obscure.
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We examined the stimulatory action of papaverine on Ca-uptake by the microsomal fraction derived from rat uterus and studied the differences between mechanisms in Ca uptakes induced by papaverine and cyclic AMP in the rat uterine microsomal fraction.
MATERIALS AND METHODS
Preparation of a microsomal fraction: Virgin female Wistar rats, weighing 150 to 200 g, were given 1 mg/kg s.c. estradiol benzoate once daily x 2 and killed by a blow on the head. Ten to twenty rats were used for one experiment. The uterine horns were rapidly removed and washed with an ice-cold medium containing 0.25 M sucrose and 40 mM Tris/HCI at pH 7.0. This buffer was used for all subsequent steps. The isolated tissues were slit open with scissors, trimmed of fat and loosely bound connective tissues and stripped off the endometrium and circular muscle. After weighing, smooth muscles were minced at 4°C and homogenized in 10 vol. of buffer with twelve strokes of the loosely fitting Teflon-coated homogenizer (14). The homogenate was centrifuged at 1,000 x g for 10 min. The supernatant was again centrifuged at 10,000xg for 10 min then again at 113,000xg for 30 min (0°C) and the resultant pellet was used as the microsomal fraction.
Measurement of amount of Ca taken up: Ca-uptake was studied at 32°C in the incubation mixture which contained 100 mM KCI, 5 mM MgCI2, 5 mM potassium oxalate, 5 mM sodium azide, 3 mM ATP, 40 mM imidazole (pH 7.0), 0.1 mM CaCl2 with 0.4 fCi/ml 45Ca and 0.18 mM GEDTA in a total volume of 2.5 ml. The free Ca t+-con centration was adjusted 10-6 M, according to the method of Ogawa (15). In some experiments, potassium oxalate was omitted from the incubation mixture. The reaction was stopped by filtration of the mixture through a Millipore filter (HA 0.45 tim). Ca-uptake by the microsomal fraction was estimated from radioactivity remaining on the filter. The 45Ca retained by the micro somal fraction was measured by liquid scintillation spectrophotometer (Aloka LSC 900), after the filter had been dissolved in 1 ml of methylcellosolve and then 10 ml of toluene scintillator, which contained 4 g 2,5-diphenyloxazole, 0.1 g 1,4-bis-2(4 methyl-5-phenyloxazolyl)-benzene, 300 ml methanol and 700 ml toluene. The values were corrected for the 45Ca remaining on the filter in the absence of the microsomal fraction (16).
Protein assay: Protein concentrations were determined by the method of Lowry et al. (17), using bovine serum albumin as a standard. The protein concentrations in the incubation mixture were 0.1-0.2 mg/ml.
Statistical analysis: Statistical significance was evaluated using Student's t-test.
Drugs used: Drugs used in the present study were as follows: papaverine hydro chloride (Wako Pure Chemical Industry), cyclic AMP (adenosine 3',5'-cyclic mono phosphate-Na), disodium ATP (Sigma), Aspaminol
(1,1-diphenyl-3-piperidino butanol hydrochloride; Wako), MIX (3 isobutyl-1-methylxanthine; Sigma), GEDTA (glycoletherdiaminetetraacetic acid; Dojin Laboratory), potassium oxalate (Wako Pure Chemical Industry), Tris/HCI (tris(hydroxyl methyl)aminomethane hydrochloride; Sigma) and 45CaCI2 (specific activity: 16 mCi/mg 45Ca; New England Nuclear) . All chemicals were of reagent grade. All solutions were prepared with double distilled water and concentrations refer to their salts.
RESULTS
In this study, 3x10-5 M and 10-4 M of papaverine and 10-5 M and 10-4 M of Aspaminol were used and such concen trations were sufficient to induce the maximal relaxation of hypertonic 39 mM KCI-depo larized uterus and other smooth muscles (11, 18, 19) . Papaverine in the concentration of 3x10-5 M potentiated Ca-uptake by the microsomal fraction in the presence of potassium oxalate at the incubation times of 2 and 6 min but not influence Ca-uptake in the concentration of 10-4 M (Fig. 1) . Omission of ATP from the incubation mixture suppressed Ca-uptake (Fig. 1) .
Although papaverine potentiated Ca uptake, cyclic AMP (10-8-10-4 M) and MIX (10-3 M), a potent phosphodiesterase inhibitor, did not influence Ca-uptake by the microsomal fraction, in the presence of potassium oxalate (Figs. 2 and 3) . Since a preliminary test indicated that the amount of Ca taken up in the absence of potassium oxalate reached the maximum at 2 min, the effects of drugs were tested at an incubation time of less than 2 min in the following experiments.
Papaverine dose dependently inhibited Ca-uptake in the absence of potassium oxalate (Tables 1 and  2) . Similar results were obtained with Aspaminol (Table 3) . However, Ca-uptake by the microsomal fraction was not influenced by cyclic AMP ( Table 1 . Effects of papaverine (3 X 10-5 M) and cyclic AMP (3 X 10-6 M) on Ca-uptake by the microsomal fraction of rat uterine smooth muscle in the absence of potassium oxalate Table 2 . Effects of papaverine (3X10-5 M and 10-4 M) on Ca-uptake by the microsomal fraction of rat uterine smooth muscle in the absence of potassium oxalate Table 3 . Effects of Aspaminol (10-5M and 10-4 M) on Ca-uptake by the microsomal fraction of rat uterine smooth muscle in the absence of potassium oxalate
DISCUSSION
It has been reported that Ca-uptake by the microsomal fraction derived from the rabbit taenia coli was potentiated by papaverine (9-11).
In general, potentiation of Ca uptake by papaverine was considered to be due to the increase of intracellular cyclic AMP caused by inhibition of phos phodiesterase. Papaverine in higher concen trations did not potentiate Ca-uptake.
Thus, papaverine was considered to have an inhibitory action on Ca-uptake by the micro somal fraction, as discussed by .
In the present work, Ca uptake by the microsomal fraction was potentiated by papaverine (3x`10-5 M) in the presence of oxalate but not by exoge nously applied cyclic AMP and MIX . These results suggest that differences in the mecha nisms in Ca-uptake induced by papaverine and that induced by cyclic AMP. Batra and Daniel (22) reported that exogenously applied cyclic AMP and caffeine did not stimulate Ca-uptake by the micro somal fraction from rat uterus in the presence of 5 mM ATP. Nishikori et al. (13), however, reported that cyclic AMP in the concen tration of 10-6 M stimulated Ca-uptake in the presence of 2.5x10-4 M ATP, approxi mately the intracellular concentration but that the uptake did not increase significantly above 10-3 M ATP. Therefore, the lack of cyclic AMP in Ca-uptake in the present study may be attributed to the utilization of 3X10-3 M ATP in the incubation mixture.
When oxalate was omitted from the incubation mixture, papaverine and Aspaminol significantly inhibited Ca-uptake. Aspaminol reportedly inhibits Ca-uptake by the microsomal fractions from intestinal and uterine smooth muscles, in the presence of oxalate (9) (10) (11) 23 ).
The precipitate of calcium oxalate formed inside the vesicles and allowed for the accumulation of large amounts , of Ca2+ by the sarcoplasmic reticulum, when Ca2+ ac cumulation was assessed in the presence of oxalate, as reported by Inesi (24). Con sequently Meissner and Fleischer (25) sug gested that there are differences between the amount of Ca-uptake in the presence and in the absence of oxalate. Recently, Wuytack et al. (26) reported that the density gradient distribution pattern of Ca-uptake in the absence of oxalate coincided more closely with the plasma membrane markers, while the distribution of rotenone-insensitive NADH-cytochrome c reductase resembled more the pattern of Ca-uptake in the presence of oxalate. Godfraind et al. (27) also indicated that the internal membrane, i.e. sarcoplasmic reticulum contained most of the Ca-uptake activity stimulated by oxalate. Therefore, our results suggest that papaverine potentiates Ca-uptake by the internal membrane in the presence of oxalate and inhibits Ca-uptake by the plasma membrane-derived vesicles in the absence of oxalate. Aspaminol seems to inhibit Ca-uptake at the plasma membrane, as discussed previously (9) (10) (11) 23 Sci. 10, 133-144 (1971) 3) Takayanagi, I., Uchida, M., Inatomi, N., Tomiyama, A. and Takagi, K.: Intracellular cyclic adenosine 3',5'-monophosphate and relaxing effects of isoprenaline and papaverine on smooth muscle of intestine. Japan. J. Pharmacol. 22, 869-871 (1972) 4) Uruno, T., Takayanagi, I., Kubota, K. and Takagi, K.: Comparison of actions of papaverine, Aspaminol and isoprenaline on isolated rat uterus. Japan. J. Pharmacol. 24, 219-226 (1974) 5) Inatomi, N., Takayanagi, I., Uchida, M. and Takagi, K.: Intracellular cyclic AMP level and
